A phase-shift analysis 'Was performed combin:1ng the above-mentioned data with the recoil-proton polarization measurements taken recently with the hell' of a polarized proton target. Only one acceptable SPD Fermi-type phase-shift set 'Was found. When F 'Waves were included, a total of three possible phase-shift solutions emerged from the analysis.. ,However, arguments based on the data could still be made to eliminate all but one phase-shift set. On the other hand, the remaining phase-shift set, similar in type to the SPD solution, suffers from the disadvantage of large rms errors assigned to its small phase shifts.
The analysis of the scattering data was carried out by the method of partial waves. The maximum orbital angular momentum quantum numberõ f the partial wave expansion must be determined empirically at present.
The results of~= 2 and~= 3 phase-shift analyses are presented in this report.
Inelastic scattering was neglected in the analysis. The error committed should be negligible when one compares the estimated 0.2-mb total inelastic cross section with llO mb for the total elastic cross section at 250 MeV. Figure 1 shows the plan view of the beam spectrograph. Positive pions were produced by inserting a polyethylene target into the external proton beam of the 184-in. cyclotron. The proton energy and intensity at the target were 745 ± 8 MeV and (2 ± 1) x lOll protons/sec respectively~The length of the production target was optimized at 30.5 in. for maximum meson yield at central momentum of the spectrograph (363.5 MeV/e).
II. PION:sEAM
Pions produced in the forward direction were first momentum-analyzed by the bending magnet Ml, then brought to an intermediate focus at the physical center F1 of the three-section quadrupole magnet Q. :Because of the momentum dispersion of Ml, the off-momentum foci were laterally displaced from the center of Q. Therefore, momentum definition was obtained by placing a slit here. In this case there was a 2-in.-wide aperture which corresponded tq, a momentum spread of ±3%. Protons of the central momentum 
III. DIFFERENTIAL CROSS-SECTION MEASUREMENT
A. Experimental. Apparatus Figure 2 is a schematic drawing of the two counter telescopes used during the experiment. They are shown at a typical angular setting with respect to the incident beam direction.
The counters are listed in Table I . The telescope on the right in Some distance i~front of S2 was another scintillation counter, Sl' Its purpose was to tbduce the solid angle of the telescope for particles that did not originl3.tb in hydrogen. Finally, at a distance of 10 in. behind S2 (to allow room for some carbon absorber), there was an auxiliary .scintillation counter S3' It was used for range curves of the scattered beam and in the measurement of the Cerenkov-counter efficiencies.
For laboratory-system angles equal to or larger than 22.; deg the solid 6 -2 angle defined by 8 2 was n = 0.2 5 x 10 sr. This counter geometry will be called SA (short arm). At angles smaller than 22.; deg} the telescope with the dimensions shown in Fig. 2 would count too many pions of the incident beam that did not scatter in the hydrogen target. In order to keep this background tolerable} 8 2 and the other counters of the pion telescope were moved fartheraway from the target center. This counter geometry will be referred to as LA (long arm).
The telescope on the left of 2. 8cattering data. Our desire to obtain an accurate angular distribution for pion-proton scattering conflicted with some of the requirements of an absolute measurement of differential cross section. Therefore, we decided to restrict this work to the measurement of the relative differential cross section ("angular distribution"). Then, before our data were directly useful, they had to be fitted to total cross-section values taken from other experimental work. was not significant considering the error assigned to the data at this angle.
In order to detect systematic drifts in the scattering data, measurements
were returned repeatedly to a check angle established at 37. The accidental rate was never larger than 0.3% of the scattered pion rate.
The performance of the electronic components was also checked. Counter voltage plateaus and relative delays were examined repeatedly.
(1) proportional to the net (SlS2C) coincidence rate. Some pions were lost by second nuclear scattering in hydrogen itself', in the target walls, and in the counters of the pion telescope. Then, because of the sizable separation of the defining counter from the target, some pions decayed in flight.
The efficiency of the Cerenkov, less than 100%, caused a further reduction in the counting rate of the scattered pion flux. Finally, there was a 1 small geometrical correction due to the finite target volume and finite detector area.
Application of these cOITections to the basic (SlS2C) rate yields, for the differential cross section, the expression
where (SlS2C)NET represents the background-subtracted number of threefold coincidences, normalized to ion-chamber volts; and f p is the number of protons counted by the Cerenkov, expressed as a fraction of the total rate in this counter. The fraction of pions lost by second nuclear scattering and pion decay is given by f (higher-order scattering was neglected); € is a ganeralized efficiency of the Cerenkov counter, calculated for scattered Particles other than protons; g represents the geometrical correction. Not shown explicitly is a small correction applied at the two most forward angles to compensate for the attenuation of the background by the target hydrogen.
The remaining factors are: I I , the number of incident pions per o 2 ion-chamber volt; N , the number of proton scatterers per cm ; and~n , the solid angle of the pion telescope. These normalizing factors are independent of the scattering angle. Knowledge of their exact magnitude was not necessary, because the normalization (to mb/sr) was obtained from a previously known total cross section by integration.
A summary of the experimental data with its corrections is given in The normalization of the corrected data to mb/sr was obtained in the following way. In the first step, the one-level resonance formula by 
for 11 deg cutoff angle and incident-meson kinetic energy of 247.5 MeV. The corrected angular distribution and the phase-shift analysis were normalized to this value. The relative error above is 3%, which is also the uncertainty assigned to the absolute scale of the differential cross section.
The differential cross section is presented in Table III as a function * of the center-of-mass scattering angle e .
c. :Errors
The basic component of the errors assigned to the differential cross section in Table III derives Considering the relatively high counting rates of thi s experiment, small counting errors, typically 1%, were the rule at practically all scattering angles. Therefore, systematic errors became very important.
A considerable amount of effort was spent to calculate these errors and to obtain a realistic assessment of the uncertainties involved in their calculation. The errors assigned to the differential cross section include the estimated errors in all corrections. Most of the corrictions were small, which minimized the effect of their uncertainties. The excepM,on to this rule was the overall Cerenkov efficiency € . However , it is well to note that the calculated part of this correction is roughly given by the difference between the overall Cerenkov-counter efficiency and the directly observed efficiency. This difference is about 2% for the forward angles and reaches 5.5% only for the backward angles. In the latter region comparison is possible with the directly measured doubles rate (S18 2 ), because recoil protons are absent here. The agreement between this rate and the bulk of the data derived from (SlS2C) was quite good. The (SlS2) data were therefore incorporated into the final results.
The agreement at the point of overlapping counter geometries (e LAB = 22.3 deg) was also satisfactory. This can be verified by reference to Table II. V. PHASE-SHIFT ANALYSIS Three distinct sets of data were used in the phase-shift analysis.
In the first set were the 13 differential cross-section points given in Table III . The second set consisted of the recoil-proton polarization measured at seven scattering angles by our group.3 The mean incidentmeson kinetic energy of that experiment was 246/MeV, which is within. one standard deviation of the mean energy of the differential cross-section measurement. The polarization data are shown in Table DI . Finally, there was the total cross-section at e c = 11 deg given in Eq. (3).
Part A describes the relationship between the experimental data and the ghase shifts, and reviews the general features of the computer program "l-rhich calculates the latter q1.JB.ntitles. Part B presents the' results of the analysis. A discussion~of the resuJxs follows in Part C.
A. Partial-Wave Expansion
The connection between the differential cross section and the recoil- for the n+-p system. The phase shifts 0L± in Eqs. (7) and (8) are real quantities) since inelastic scatt~ring has been neglected.
Expressions similar to Eqs. (7) and (8) these phase shifts were selected at random with the exception of the F phase shifts, which were set to zero.
The results, which are shown in Table V Summary of the rav data, the applied corrections, and the corrected data. Recoil-proton polarization data' and the corresponding values calculated from the three SPDF phase-shift solutions.
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